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Somatic mosaicism caused by in vivo reversion of inherited muta-
tions has been described in several human genetic disorders. Back
mutations resulting in restoration of wild-type sequences and
second-site mutations leading to compensatory changes have been
shown in mosaic individuals. In most cases, however, the precise
genetic mechanisms underlying the reversion events have re-
mained unclear, except for the few instances where crossing over
or gene conversion have been demonstrated. Here, we report a
patient affected with Wiskott–Aldrich syndrome (WAS) caused by
a 6-bp insertion (ACGAGG) in the WAS protein gene, which abro-
gates protein expression. Somatic mosaicism was documented in
this patient whose majority of T lymphocytes expressed nearly
normal levels of WAS protein. These lymphocytes were found to
lack the deleterious mutation and showed a selective growth
advantage in vivo. Analysis of the sequence surrounding the
mutation site showed that the 6-bp insertion followed a tandem
repeat of the same six nucleotides. These findings strongly suggest
that DNA polymerase slippage was the cause of the original
germ-line insertion mutation in this family and that the same
mechanism was responsible for its deletion in one of the propos-
itus T cell progenitors, thus leading to reversion mosaicism.

The Wiskott–Aldrich syndrome (WAS) is an X-linked disor-
der characterized by thrombocytopenia with small-sized

platelets, eczema, and immune deficiency, leading to increased
susceptibility to infection from all classes of pathogens (1, 2).
Sepsis and severe intracerebral hemorrhage represent frequent
causes of death in WAS boys, who also are subjected to
malignancies with increased frequency. The disease gene was
discovered by positional cloning (3) and encodes the WAS
protein (WASP), a 502-aa proline-rich protein, which is consti-
tutively expressed in cytoplasm of all nonerythroid hematopoi-
etic cells (4, 5). Although the definitive function of WASP
remains to be determined, this protein has been demonstrated to
be involved in signal transduction pathways of important cellular
growth factors (e.g., Nck, Fyn, Itk, and Grb2) and in cytoskeleton
reorganization events of hematopoietic cells, possibly in re-
sponse to cellular activation (6).

It has been recently recognized that somatic reversion of
inherited mutations occurs in human genetic disorders. Back
mutations resulting in restoration of wild-type sequences (7–13)
and second-site mutations leading to compensatory changes (14,
15) have been shown in mosaic individuals. If a reverse mutation
occurs in a somatic cell during mitosis and the cell with the
reverse mutation has a selective growth advantage in vivo, cells
carrying the original mutation are expected to be replaced by
revertants that have regained wild-type phenotype. This rare
event may modify the disease clinical phenotype, leading to
atypical and unexpectedly mild presentations. In fact, sponta-
neous in vivo reversion has been reported in one patient with
adenosine deaminase deficiency (7) and one patient with X-
linked severe combined immunodeficiency (X-SCID) (8), both

of whom showed a progressively mild clinical course because of
the selective growth advantage of the revertant lymphocytes.

The molecular mechanism leading to the reversion events has
remained unknown in most cases, except for the few cases where
crossing over or gene conversion has been shown in compound
heterozygous patients (11, 12). DNA polymerase slippage is the
most commonly invoked mechanism to explain triplet repeat
expansion in human diseases (e.g., Huntington’s disease, fragile
X syndrome, and Friedreich ataxia) (16). It is well accepted that
slippage-type events also can cause small insertion or deletion of
tandem repeats (17), and it is therefore possible that in the
appropriate genomic context, this mechanism could lead to
reversion of a mutation to wild-type sequence (13). In this
report, we describe a 43-year-old WAS patient carrying a
spontaneous in vivo reversion likely caused by a DNA slippage
mechanism. The mutation responsible for the disease in this
patient’s family is a 6-bp insertion after a tandem microrepeat of
the same six nucleotides. In contrast to those of other affected
family members, the majority of the proband’s T lymphocytes
were demonstrated to express WASP and lack the deleterious
mutation. In addition, we show evidence of selective advantage
of the WASP-expressing (WASP1) T lymphocytes over the
WASP-negative (WASP2) ones, which explains the accumula-
tion of the former cells. Finally, our patient has shown clinical
improvement over the years, which suggests the revertant T cells
having contributed to the modification of his previously severe
clinical phenotype.

Materials and Methods
Case Presentation. Fig. 1 shows a pedigree of the proband’s family
whose history began at the age of 10 months with encephalitis.
Between the ages of 2 and 5 years, he had recurrent easy bruising,
eczema, and recurrent otitis media. At age 5, it was noted that
his younger brother had petechiae and thrombocytopenia. The
patient’s platelet count was then tested and found to be in the
range of 13,000 to 20,000ymm3. A clinical diagnosis of WAS was
made, and the patient underwent an elective splenectomy,
leading to correction of platelet numbers and size. Shortly after
splenectomy, the patient suffered from pneumococcal meningi-
tis, from which he recovered. Frequent upper respiratory andyor
ear infections and continued eczema are described until the age
of 12, when the patient was hospitalized for vasculitic rash,
thrombocytopenia, and an illness resembling rheumatoid arthri-
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tis with concurrent dysgammaglobulinemia and nephritis. The
same year, he developed pneumococcal meningitis and sepsis,
which were successfully treated. One month later, another
episode of pneumococcal meningitis occurred. At age 16, the
patient developed a right mastoiditis. This clinical history is
consistent with severe WAS phenotype (score of 5) (18). Since
his 20s, the patient has been relatively well, with complaints of
sinusitis episodes responding to antibiotic treatment. The patient
is now 43 years old and has been free of serious illnesses for the
past 20 years.

A maternal uncle (II-2) developed petechiae early after birth
and died at 6 months of age from unspecified causes. The
proband’s brother (III-2) had severe WAS phenotype including
thrombocytopenia, infections (pneumococcal meningitis, Pneu-
mocystis carinii pneumonia), arthritis, and vasculitis and died of
renal failure at the age of 33 years. Two cousins (III-4 and III-5)
also had severe WAS symptoms and died from pulmonary
hemorrhage at 2.5 years of age and from lymphoma at the age
of 18 years, respectively. A third affected cousin (III-6, age 15
years) has a history of thrombocytopenia, eczema, and mollus-
cum contagiosum, and a nephew (IV-1, age 9 months) has
thrombocytopenia and eczema.

Cell Preparations. Peripheral blood mononuclear cells (PBMC)
were isolated by Ficoll–Hypaque (Mediatech, Washington, DC)
gradient centrifugation from the proband, his family members,
and normal controls. Granulocytes were recovered from the
pellet of the gradient after lysis of erythrocytes. To obtain
activated T lymphocytes, PBMC were cultured in the presence
of 100 ngyml anti-CD3 (OKT3; Ortho Diagnostics), 5 mgyml
anti-CD28 mAb (PharMingen), and 100 unitsyml recombinant
human IL-2 (gift of C. Reynolds, National Cancer Institute) for
3 days in RPMI 1640 medium (Life Technologies, Grand Island,
NY) containing 10% FBS and antibiotics (R-10). Thereafter,
cells were maintained in R-10 medium supplemented with 100
unitsyml recombinant IL-2 for 9 days.

Western Blot Analysis of WASP. PBMC were lysed in buffer con-
taining 300 mM NaCly50 mM TriszHCly2 mM EDTAy0.5%
Triton-Xy2.5 mM p-nitrophenyl p9-guanidino-benzoate (both
from Sigma), 10 mgyml aprotinin (ICN), and 10 mgyml leupeptin
(Calbiochem). Protein concentration was determined by using
the BCA protein assay (Pierce). Twenty micrograms of protein

was boiled, subjected to 8% SDSyPAGE, and electrotransferred
onto nylon membranes (Immobilon-P, Millipore). The detection
of WASP was performed as described (19).

Flow Cytometric Analysis of WASP. Three-color immunofluores-
cence analysis was used to study cell-surface antigens and
intracellular WASP expression simultaneously. Detection of
WASP was performed as described with minor modifications
(20). Briefly, PBMC were stained for cell-surface antigens
before cell membrane permeabilization using the following
mAbs: Cy-chrome-conjugated anti-CD3 (PharMingen); TRI-
color labeled anti-CD8 and anti-CD56 (Caltag, South San
Francisco, CA); FITC-conjugated anti-CD4 (Caltag); and FITC-
conjugated anti-CD45RA, anti-CD45R0, and anti-CD20
(PharMingen). After washing, cells were treated with Cytofixy
Cytoperm solution from CytoStain kit (PharMingen) at 4°C for
20 min. After washing twice, they were incubated with 1:200
diluted anti-WASP (3F3-A5) mAb (5) or purified mouse IgG1
(PharMingen) at 4°C for 20 min. Cells were then reacted with
biotin-conjugated anti-mouse IgG1 at 4°C for 20 min, followed
by further incubation with phycoerythrin-conjugated streptavi-
din (both from PharMingen). Stained cells were analyzed with a
FACScan [fluorescence-activated cell sorter (FACS)] flow cytom-
eter using CELLQUEST software (Becton Dickinson). WASP expres-
sion of monocytes was evaluated in CD3-negative cells among
monocytic cells determined by a distribution pattern in the forward
and side scatter. Because anti-WASP mAb (3F3-A5) belongs to
the mouse IgG1 subclass, all antibodies for surface staining were
chosen from mouse IgG2 subclass to avoid crossreaction.

Mutation Analysis. DNA was extracted from blood samples with
the QIAamp DNA blood mini kit and from a skin biopsy
specimen with the DNeasy tissue kit (both from Qiagen, Va-
lencia, CA). Each exon of WASP gene was amplified from
genomic DNA using specific primers described (21). Direct
sequencing was performed by using the Applied Biosystems
Prism BigDye terminator cycle sequencing kit on an Applied
Biosystems 310 automated sequencer (Perkin–Elmer).

Complementarity-Determining Region 3 (CDR3) Size Distribution Anal-
ysis. Total RNA was extracted from PBMC with Trizol reagent
(Life Technologies), and first-strand cDNA was generated from
2 mg total RNA with oligo(dT) using the RETROscript kit
(Ambion, Austin, TX). CDR3 size distribution assay was per-
formed as described with minor modifications (22). Briefly, each
T cell receptor (TCR) Vb fragment was amplified with one of the
24 Vb-specific primers and a 6-fluorescein phosphoramidite
(6-FAM)-labeled Cb primer recognizing both Cb1 and Cb2.
Thirty-five cycles of amplification (94°C for 1 min, 55°C for 1
min, and 72°C for 1 min) were used. One microliter of 1:10
diluted PCR products was mixed with 12 ml of deionized
formamide and 0.5 ml of size standard and heated at 95°C for 3
min. The size distribution of each fluorescent PCR product was
determined by electrophoresis in the Performance Optimized
Polymer 4 on the Applied Biosystems 310 automated sequencer,
and data were analyzed by GENESCAN software (Perkin–Elmer).
The TCR Vb 10 and Vb 19 pseudogenes were excluded from the
analysis.

TCRyCD3 Down-Regulation Assay. PBMC (5 3 105) were incubated
with anti-CD3 mAb (Leu4; Becton Dickinson) for 30 min on ice.
After washing, cells were incubated with biotinylated goat
anti-mouse Ab (5 mgyml, Biosource International, Camarillo,
CA) for 30 min on ice and warmed at 37°C for 60 min to allow
down-regulation of CD3. Cells were then transferred back to ice,
washed, and stained with phycoerythrin-conjugated streptavidin
and FITC-conjugated anti-CD2 mAb (Becton Dickinson). After

Fig. 1. Simplified pedigree of the proband’s family. Solid squares represent
affected individuals; diagonal lines indicate deceased subjects. Carrier status
of female subjects is indicated by a dot.
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fixation in 2% paraformaldehyde, CD21 T cells were gated, and
CD3 expression was analyzed by FACS.

Cell Proliferation Assay. PBMC from the proband, a typical WAS
patient, and a healthy control were seeded at 1 3 105 cells per
well in flat-bottom 96-well plates in a final volume of 200 ml of
R-10 medium and cultured for 72 h with 10 ngyml OKT3 alone
or together with 5 mgyml anti-CD28 mAb. Cells were pulsed with
[3H]thymidine (1 mCi per well) for the final 6 h and harvested
onto glass fiber filters. Thymidine incorporation into cellular
DNA was evaluated by using a scintillation counter (Betaplate;
Wallac, Gaithersburg, MD).

Results
Mosaicism of WASP Expression in T Cells. We first analyzed WASP
expression of PBMC by Western blot technique. As shown in Fig.
2a, normal PBMC showed the presence of a '59-kDa WASP
band, which was not detectable in PBMC from affected indi-
vidual III-6. In contrast, the proband’s PBMC expressed signif-
icant levels of WASP. To determine what populations of PBMC
were responsible for the expression, f low cytometric analysis of
WASP was performed. When whole PBMC including lympho-
cytes and monocytes were gated, WASP was detected in about
60% of cells (data not shown). Although the proband exhibited
negligible expression of WASP in monocytes, f low cytometric
analysis clearly demonstrated mosaic pattern of WASP expres-
sion in lymphocytes, indicating that they consisted of WASP1

and WASP2 cells (Fig. 2b). As shown in Fig. 2c, WASP1 cells
were found to account for the majority of CD31 T cells but were
absent among CD201 B cells and CD561 NK cells. The CD4y
CD8 ratio in the proband was 0.98, and both CD41 and CD81

T cells were involved equally in the mosaicism for WASP
expression. In contrast, a markedly different pattern of WASP
expression was found among CD45RA1 “naı̈ve” and CD45R01

“memory” T cells. The majority of memory T lymphocytes
expressed WASP, whereas WASP1 cells were detected only in
about half of the naı̈ve T cells (Fig. 2d).

Absence of Mutation in WASP1 T Cells. The mutation causing WAS
in the proband’s family was previously described as a 6-bp
ACGAGG insertion at nucleotide 434 in exon 4 of the WASP
gene (23). A review of the WASP gene sequence surrounding the
mutation showed that the insertion follows a tandem microre-
peat of the same ACGAGG sequence. To determine whether the
same mutation was present in WASP1 T cells, direct genomic
sequence analysis was performed with various samples isolated
from the proband. We found the 6-bp insertion in DNA from the
proband’s granulocytes, whereas DNA from his PBMC showed
coexistence of wild-type and mutated sequences. Importantly,
the mutation was not detectable in DNA obtained from lym-
phocytes cultured in the presence of anti-CD3, anti-CD28, and
IL-2 (Fig. 3). By flow cytometry analysis, more than 90% of these
activated T cells expressed WASP, and 99% of them were
CD45R01 (data not shown). We also analyzed DNA from a

Fig. 2. Analysis of WASP expression. (a) Western blot analysis of WASP was performed using lysates of PBMC obtained from normal (lane 1), the proband (lane
2), and affected individual III-6 (lane 3). The arrow indicates the position of the WASP band. (b–d) Flow cytometric analysis of WASP. PBMC were stained with
mAbs for cell-surface antigens, fixed, and permeabilized. Cells were then reacted with anti-WASP mAb (solid histogram) or a control Ab (open histogram) and
further incubated with biotin-conjugated anti-mouse IgG1 followed by streptavidin-phycoerythrin. WASP expression in lymphocytes and monocytes obtained
from normal control and the proband is presented (b). WASP expression in CD31 T, CD201 B, CD561 NK, CD41 T, and CD81 T cell subsets from the proband is
shown (c). The dot plot of a two-color immunofluorescence profile of CD45 isoforms and WASP expression in the proband’s CD31 T cells is presented (d, Left).
A second gate is set for the upper quadrants to include CD45RA1CD31 or CD45R01CD31 cells, and WASP expression in each cell population is shown (d, Right).
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proband’s skin biopsy specimen and found the presence of the
6-bp insertion mutation (Fig. 3). No other mutations in the
WASP gene were found in any of the samples studied. In
addition, mutation analysis demonstrated the presence of the
insertion in PBMC from affected individuals III-6 and IV-1 and
showed that female individuals II-1, II-3, II-4, and III-3 were
heterozygous carriers (data not shown). Analysis of 100 normal
chromosomes showed that the ACGAGG tandem microrepeat
is highly conserved in the general populations and was never
followed by a third ACGAGG repeat. To rule out the possibility
that the proband’s T cell population expressing WASP was
derived from the engraftment of T cells from his mother or
others, we performed a standard molecular study of HLA typing
at the A, B, Cw, DR, and DQ loci of granulocytes (WASP2) and
cultured T cells (WASP1) and found that they showed identical
HLA type (data not shown).

Skewed CDR3 Size Pattern in T Cells. To investigate the TCR Vb
diversity of the proband’s T lymphocytes, we performed CDR3
size distribution analysis. Consistent with previous reports (22),
the majority of Vb subfamilies ('93%) exhibited a Gaussian
curve with 6–9 peaks in normal controls, reflecting polyclonal
Vb repertoire (Fig. 4a). All 24 different Vb segments were
amplified from proband’s cDNA, and the general pattern of
TCR Vb usage based on gel images did not significantly differ
from that of normal controls (data not shown). However, most

of the Vb subfamilies amplified from the proband’s cells exhib-
ited a skewed CDR3 size pattern; Vb subfamilies 5.1, 15, and 21
showed a monoclonal spike, and subfamilies 1, 2, 3, 5.2, 6, 7, 8,
11, 12, 13.2, 16, 17, 22, 23, and 24 demonstrated an oligoclonal
pattern (Fig. 4b). These results are consistent with a highly
restricted TCR repertoire in the proband.

Restoration of T Cell Function. T lymphocytes from WAS patients
and WASP knockout mice show abnormal proliferation in
response to anti-CD3 stimulation (24, 25). In addition, down-
regulation of TCRyCD3 expression after engagement appears to
require reorganization of actin cytoskeleton and is defective in
lymphocytes from WASP knockout mice (25). To evaluate the
functionality of the proband’s T lymphocytes, we therefore
tested for their responses to anti-CD3 in terms of down-
regulation of surface CD3 expression and cell proliferation. As
shown in Fig. 5a, the level of CD3 expression on CD21 T
lymphocytes was significantly decreased 1 h after CD3 crosslink-
ing in normal controls, whereas it was severely impaired in T cells
from individuals III-6 and IV-1. In contrast, T lymphocytes from
the proband showed normal CD3 down-regulation. In addition
and in contrast to what was observed in cells from a typical WAS
patient (WA8), the proband’s PBMC were consistently able to
respond to anti-CD3 at levels comparable to normal. The
combined stimulation with anti-CD3 and anti-CD28 further
improved, but did not fully normalize, the proliferative responses
of proband’s PBMC that were again significantly higher than in
the typical WAS patient (Fig. 5b). Taken together, these results
indicate that T lymphocytes present in the proband’s peripheral

Fig. 3. Mutational analysis of WASP gene. The sequence of exon 4 of the
WASP gene was amplified from DNA extracted from normal PBMC and the
proband’s granulocytes, PBMC, cultured T cells, and skin. Direct sequencing
was performed using an automated sequencer. A bar highlights the 6-bp
repeat sequence.

Fig. 4. CDR3 size distribution of TCR Vb. Each TCR Vb fragment was amplified
from cDNA with one of the 24 Vb-specific primers. The size distribution of PCR
products was determined by an automated sequencer and GENESCAN software.
(a) Normal control; (b) the proband.
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blood (80% of which express WAS and are presumably rever-
tants) are functionally competent.

Discussion
Revertant mosaicism has been described in a variety of genetic
disorders, including tyrosinemia type 1 (10), epidermolysis bul-
losa (11, 14), Fanconi anemia (12, 13, 15), and primary immu-
nodeficiency syndromes, such as adenosine deaminase defi-
ciency, X-SCID, and WAS (7–9). We report on a 43-year-old
WAS patient with somatic mosaicism caused by the reversion of
a 6-bp insertion to the normal WASP coding sequence. Such a
reversion was observed only in DNA from the patient’s T
lymphocytes and leads to reconstitution of WASP expression
that is detectable in the majority of his circulating T cells.
Sequencing analysis of the WASP gene in the general population
excluded the possibility that the 6-bp insertion could be a
functional polymorphism. Molecular HLA typing demonstrated
that the T lymphocytes carrying the normal WASP sequence and
granulocytes obtained from the proband were identical, thus
ruling out the possibility that normal allogeneic T cells were

acquired in utero from the maternal circulation or postnatally
from blood products.

The demonstration of the same 6-bp insertion mutation in
other affected members of the family excludes the possibility that
the mosaicism observed in the proband was derived from a
postzygotic somatic mutation of the normal maternal X chro-
mosome at the level of a lymphoid progenitor. A spontaneous in
vivo reversion event, therefore, seems to be the most likely
explanation for the appearance of genetically normal T lympho-
cytes in this individual who was found to have a normal XY male
karyotype, thus not allowing for gene conversion or crossing over
mechanisms to be responsible for the correction of the mutation
at the WASP locus (Xp11.23). Reversions of single point mu-
tations to the original wild-type sequence have been reported for
adenosine deaminase deficiency, X-SCID, and WAS (7–9);
however, the mechanism underlying these back mutations re-
mains undefined. Our findings differ from previous reports on
two counts. First, the correction of the mutation in the present
case is sustained by the precise deletion of a 6-bp fragment, an
occurrence previously unreported. Second, we suggest that both
original and reverse mutations may have been caused by DNA
polymerase slippage, a mechanism that has been invoked to
explain insertions and deletion of DNA repeats both in germ-line
and somatic cells (16, 17, 26). The presence of a high GC content
6-bp tandem repeat (ACGAGG) may have induced slippage and
mispairing of the nascent and template strand during DNA
replication. The occurrence of a misalignment of the 39 end of
the nascent DNA strand backward in the germline of a family
ancestor would explain the 6-bp insertion, whereas a forward
slippage event in a somatic cell of the proband would account for
the reversion mosaicism and make this case an example of a back
mutation as a result of DNA polymerase slippage.

WASP1 cells were only detectable by FACS among CD31 T
lymphocytes and not among granulocytes, monocytes, or B or
NK cells. CD41 and CD81 T cells contributed equally to the
mosaicism, and multiple TCR Vb families were expressed by the
patient’s T lymphocytes that contained more than 80% WASP1

cells. Taken together, these findings suggest that the reversion of
the mutation occurred in a T cell progenitor at a stage before
CD4yCD8 lineage commitment and TCRb rearrangement. Al-
ternatively, the reversion may have occurred in a more primitive
hematopoietic progenitor, and the presence of normal numbers
of normal-size platelets in the proband’s peripheral blood could
be interpreted as the result of a reversion event at the level of a
progenitor common to myeloid and lymphoid lineages (pluri-
potent stem cell). However, the proband’s monocytes are
WASP2 by FACS analysis (Fig. 2b), and his granulocytes carry
the WASP mutation (Fig. 3), thus showing the absence of
detectable revertants among these myeloid cell types. The
somatic mosaicism could be evident only among T lymphocytes
because revertant cells had selective advantage among these and
not other cell lineages (e.g., myeloid, B, or NK cells) differen-
tiating from the corrected stem cell. X-chromosome inactivation
studies performed in WAS carrier females, however, have dem-
onstrated skewed inactivation in all hematopoietic lineages, as
well as in granulocyte-macrophage colony-forming units and
CD341 progenitors (27–30). These findings indicate that rever-
tant cells should have selective advantage within all lineages and
suggest that a committed T cell progenitor is the most likely
element where the reversion originated. For these reasons,
although we have not tested the proband’s platelets for WASP
expression, we believe that their presence in normal numbers
and size is the likely consequence of the splenectomy, rather than
the reversion of the WASP mutation at the level of the pluri-
potent stem cell.

There is clear evidence of in vivo selective advantage of T
lymphocytes able to express WASP in the proband. Because of
the rarity of reverse mutation events, we assume that all T

Fig. 5. (a) Analysis of TCRyCD3 down-regulation. PBMC from normal control,
the proband, and affected individuals III-6 and IV-1 were incubated with
anti-CD3 mAb, washed, and further reacted with biotinylated goat anti-
mouse Ab at 37°C for 60 min. Cells were then washed and stained with
streptavidin and anti-CD2 mAb. After fixation, CD3 expression on CD21 T cells
was analyzed by FACS. Solid and open histogram represent CD3 expression in
cells unstimulated or treated for 60 min, respectively. (b) Cell proliferation
assay. PBMC from normal control, the proband, and WA8, a patient with
typical WAS and with a clinical score of 5, were cultured for 72 h with anti-CD3
mAb alone or together with anti-CD28 mAb. DNA incorporation of [3H]thy-
midine was evaluated. Each bar represents the mean 6 SD of triplicate
cultures.
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lymphocytes present in the proband’s circulation and expressing
WASP derived from a single revertant progenitor. Our flow
cytometry studies showed that about half of CD45RA1 ‘‘naı̈ve’’
circulating T cells stained positive for WASP expression, thus
suggesting that, although T cell progenitors carrying the original
mutation continued to differentiate into T lymphocytes unable
to express WASP, at the time of analysis, half of the “naı̈ve” T
lymphocytes present in the proband’s peripheral blood derived
a single revertant cell. Even more significant was the finding that
more than 90% of CD45R01 ‘‘memory’’ T cells were WASP1.
Altogether, these observations indicate that WASP1 cells had
selective growth advantage during thymic development and the
establishment of immunological memory. Although the precise
mechanism underlying the selective advantage of WASP1 cells
over WASP2 counterparts is not clear, it is known that T cells
from WAS patients have defective proliferative responses (24)
and higher susceptibility to cell death by spontaneous apoptosis
as compared with normal T lymphocytes (31, 32), and it is
therefore conceivable that they are outperformed by WASP1

revertant T cells in the various steps of development, differen-
tiation, and immune surveillance.

The high percentage of WASP1 cells ('80%) among the
circulating lymphocytes offered us the opportunity to analyze
the functional effects of the revertant mosaicism. Although all
TCR Vb families were expressed in the proband’s T cells, we
observed a reduced number of CDR3 fragments, thus indicating
that his TCR repertoire had limited complexity. Similar results
were obtained from the study of the TCR repertoire of an
unusual X-SCID patient carrying a back mutation in the gc gene
(33). In vitro functional studies of our patient’s lymphocytes,

however, showed that TCRyCD3 down-regulation and cell pro-
liferation in response to anti-CD3 antibody were largely normal,
demonstrating that the genetic reversion led to restoration of
biological defects characteristic of WAS T lymphocytes. Because
the clinical phenotype of our patient changed dramatically from
a full-blown classical WAS to a much milder immunodeficiency
condition starting from his mid-20s, we speculate that the
accumulation of WASP1, normally functioning T lymphocytes
may have started around that point in time. Spontaneous
reversion to normal of inherited mutations in adenosine deami-
nase deficiency and X-SCID has resulted in mild clinical courses
(7, 8), and it seems therefore reasonable that the progressive
clinical improvement of our patient is the consequence of his
revertant mosaicism. These findings have important implications
for gene therapy approaches for WAS, in that they indicate that
even the correction of a small number of hematopoietic stem
cells with the capability of differentiating into gene-corrected T
cell progenitors and mature T lymphocytes may lead to signif-
icant clinical benefit. In addition, the fact that the isolated
presence of WASP1 T lymphocytes is associated with mild
clinical presentation in this patient supports also the feasibility
of T cell-directed gene transfer as a potential form of therapy for
this disease.
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